Apparent cooperativity of Ca2+ binding associated with crystallization of Ca2+-binding protein from sarcoplasmic reticulum.
Needle-shaped crystals of the Ca2+-binding protein (CBP) isolated from rabbit skeletal muscle sarcoplasmic reticulum were studied with regard to the influence of Ca2+, K+, and H+ on its solubility and cation binding. The solubility of CBP is sharply decreased with concentration of Ca2+, whereas K+ increased it. Aggregation of the CBP and crystal formation is correlated with the binding of Ca2+. The Ca2+ bound to the crystalline CBP is two to three times higher than that of the soluble form. A strong apparent positive cooperative behavior of Ca2+ binding by CBP was observed concomitant with the shift in equilibrium from the soluble to the crystalline form. From the steepest Hill slope we obtained Hill coefficients of 3.3 for soluble CBP and 14 for the transition between soluble and crystalline forms of CBP. A detailed treatment is presented to validate the applicability of Hill plots for the combined binding and crystallization process. Two-thirds of the Ca2+-binding sites were K+ sensitive and one-third were K+ insensitive. An increase in H+ concentration decreased the Ca2+ binding by crystalline CBP without affecting its solubility, with a pK value of 6.2 determined for this process. These results indicate that the equilibrium between the soluble and crystalline forms of CBP is determined by the amount and nature of the bound cations, Ca2+, K+, and H+. They suggest the possibility that a cycle of aggregation and solubilization of CBP attends the uptake and release of Ca2+ in the sarcoplasmic reticulum, respectively.